heb

Imperfections
(corrected)

Dipole Error (or Correction)

® Recall our generic transfer matrix

[x ] \/%(cosAw+aosinAw) \/Msinm// [x ]

\/ﬁ((% —al)cosAlI/—(1+O£0061)SinAl//) %(cosAl]/—al sinAq/)

1

X

@ If we use a dipole to introduce a small bend © at one point, it will in
general propagate as

B (cosAy + ¢, sinAy) \JB.B(s)sinAy
[ x(Ay) ] ﬁo

’ A =
X' (Ay) ﬂnlﬁ(s)((ao—ot(s))cosAu/—(l+0¢Ua(s))sinAu/) %(cosAv/—a(s)sinAv/)

[aw)=6JBpsindy | <

Y(Ay)=0 B (cosAy —a(s)sinAy)

B(s)

Remember this one forever
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Example: Local Correction (“Three Bump™)

® Consider a particle going down a beam line. By using a combination of
three magnets, we can localize the beam motion to one area of the line

62
Y T T Py
6, »/_»/_»/_,,_L—»/"’ .5, “*“z—/ff,\\w\» 6,
af Yo=Y .,

® We require

Local Bumps are an
extremely powerful
tool in beam tuning!!

)
I

5 (cost—aUsinw,3)+62\/%(coswz3—absin 23))

B A \//7. siny, \//7 : )
=-0,| =L (cosyp,; —ap sinipy, ) -, [ S 2 |22 (costpy, -, Sinipy,
[ ocosnomcsng)- [B500 Brfon, cng
-9, &(COSUJB—%COSUJUJ=—HJE(SmeCOSw"}_Cost3Sinq)'])=—Gl\/E(w)
Bs SInY,, By Sy, By SNy,

=0,=0 ﬁ sing,
P By sinyy,
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Controls Example

® From Fermilab “Acnet” control system
The B:xxxx labels indicate

individual trim magnet power | INJECTION POSITION
supplies in the Fermilab 45 473 values
Booster T 473 values
i “ « N wi 473 values
Defining a “MULT: N will 473 values
group the N following VL6 473 values
magnet power supplies . Az values
Placing the mouse over VLS 45 473 values
s 6 473 values
them and turning a knob 473 values
on the control panel ™
will increment the LS 21x2 473 values
individual t di 473 values
individual currents according ; 473 values

to the ratios shown in green
473 values
473 values
473 values

473 values
473 values
473 values
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Closed Orbit Distortion (“cusp™)

® We place a dipole at one point in a ring which bends
the beam by an amount ©.

® The new equilibrium orbit will be defined by a trajectory
which goes once around the ring, through the dipole, and
then returns to its exact initial conditions. That is

M fol =0
X, g X, X, 4
=[]

X, 6
® Recall that we can express the transfer matrix for a complete revolution as

cos2av + a(s)sin 2zv B(s)sin 2zv

M(s+C,s) = . .
- y(s)sin2mv cos2wv —a(s)sin 2wv

)=lc0527rv+Jsi112m/=e“’”

(- M) = (eme/ -e'™ )= —e'™ (ZSin m/J)
(l - M)il = (— 2sinvd )" (e.lm, )71

1 1

=——Je?™ =——J(Icosav - Isinv)
2sinzv 2sinzv J= a B
=——(Jcosav +Isinav) -y -«
2sinzv P oI
1 acosav +sinav B cosmv -
" 2sinav —ycosav —acosav +sinav J'=2J
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© Plug this back in (x, 1 [acosav+sinav Bcosav 0
Xy ) 2sinzv —ycosav —acosav+sinav { 6
9 B, cosv
2sinzzv | sinzv — o, cos v
® We now propagate this around the ring
‘B(x)(cosA i ) si
v +0,sinAy) JB.B(s)sinAy
[ x(s) ]_ 0 B [ B, cosnv J
¥(s) | 2sinmv 1 . B . SinzV — o, Cos v
——((0, —0(s))cos Ay — (1+ ot 0e(s))sin A 2 (cos Ay — o(s)sin A
e (@ - a@)eos by ~(1+aa@)sinay) s (eosty v)

= x(s)= L[ @(COSAW +a, sinAq/)ﬁ0 coslrv-*—,/ﬁ"ﬁ(s)sinAl//(simrv—oc0 coslrv)}
2sinzv(\ B,

64
= M(COSAWCOSW+ sin Ay cosv)
2sinzv

— 0 ﬁoﬁ(s)

2sinzv

Location

of error

cos(Al//—ﬂ'v)
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Quadrupole Errors

® We can express the matrix for a complete revolution at a point as
M(s) cos2zv + a(s)sin 2zv P(s)sin 2zv
S)=
- y(s)sin2zv cos2zv —a(s)sin 2v

® If we add focusing quad at this point, we have
cos 2V, + a(s)sin 2zv, L(s)sin2mv, 10
M'(s) = . . 1 1
- y(s)sin2zv, cos2zv —a(s)sin2zv, 7
cos2mv, + a(s)sin 2zv, —@Siﬂ 27y, L(s)sin2zv,

—y(s)sin2zv, - % (cos 2mv, - a(s)sin 2m/0) cos2mv, —a(s)sin 2,
@ We calculate the trace to find the new tune

1., 1 .
cos2zv =—M(s) = cos2av, _ﬁﬁ(S) sin27zv,

@ For small errors
. 1 .
cos 2;[(1/0 +Av)=~ cos2av, — 2 sin 2av,Av = cos2av, — ﬁ/)’(s) sin 27v,

Ay =L PO
4z f
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Total Tune Shift

® The focal length associated with a local anomalous gradient is
1 B’
d| — | = —ds
/) (Bp)
® So the total tune shift is

B’ (s)

f/a’() s
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